**Research Highlights**

\(1\) Subthalamic nucleus deep brain stimulation can significantly improve the motor features of Parkinson\'s disease in carefully selected patients. However, effects of subthalamic nucleus deep brain stimulation on the social adjustment, coping strategies and mental health-related quality of life of these patients remain unclear.

\(2\) Some French scholars studied the social maladjustment in Parkinson\'s disease patients following subthalamic nucleus deep brain stimulation.

\(3\) The preoperative expectations of Parkinson\'s disease patients who received subthalamic leus deep brain stimulation should be carefully considered because postoperative social maladjustment is often observed in a few patients. Therefore, effective strategies are searched to avoid the disappointments from these patients and their relatives and improve patients' quality of life.

INTRODUCTION {#sec1-1}
============

Parkinson\'s disease is a neurodegenerative disease associated with motor symptoms, *i.e*., tremor, rigidity and bradykinesia, and non-motor features including cognitive and neuropsychiatric disorders such as mood, anxiety and apathy. Parkinson\'s disease patients are generally treated with levodopa or other dopamine agonists, although for the past 15 years, deep brain stimulation has become the gold standard in advanced forms of the disease\[[@ref1][@ref2][@ref3]\]. Indeed, bilateral subthalamic nucleus deep brain stimulation has emerged as a treatment of choice and proven to have an undisputed effect on motor symptoms, allowing reduction of drug treatment and its side effects\[[@ref1]\]. Abundant evidence has demonstrated the efficacy of neurosurgery, specifically on motor symptoms and on health related quality of life\[[@ref1][@ref3]\].

However, an important concern has been that most studies have reported no improvement in social adaptation after subthalamic nucleus deep brain stimulation in some Parkinson\'s disease patients\[[@ref4][@ref5][@ref6][@ref7]\]. Furthermore, the lack of postoperative improvement in the psychosocial dimension of health-related quality of life and its link to coping strategies is still unclear.

We propose herein the first review on social adjustment, coping and health-related quality of life in patients with Parkinson\'s disease after subthalamic nucleus deep brain stimulation. Indeed, given the relatively recent interest for this issue in neurostimulated Parkinson\'s disease patients, only a handful of publications are currently available. Although neurosurgical targets have been explored in Parkinson\'s disease, the present review will intentionally focus on subthalamic nucleus deep brain stimulation.

HEALTH RELATED QUALITY OF LIFE AND SUBTHALAMIC NUCLEUS DEEP BRAIN STIMULATION {#sec1-2}
=============================================================================

According to Martνnez-Martνn\[[@ref8]\], health-related quality of life in Parkinson\'s disease refers to the patients' perceptions and their own evaluation of the impact and consequences of the disease in their life. Thus, the evaluation of health-related quality of life is subjective, individual, multi-dimensional, self-administered and varies over time. With regard to subthalamic nucleus deep brain stimulation for Parkinson\'s disease, various scales are used to measure health-related quality of life. Currently, the most popular scale is the 39-item Parkinson\'s disease Questionnaire (PDQ-39)\[[@ref9][@ref10]\], a specific scale, or its initial version, the Parkinson\'s disease Questionnaire (PDQL)\[[@ref11]\]. These scales offer not only the advantage of being adapted to Parkinson\'s disease, but also of separating "physical" and "mental" health-related quality of life. They are also sensitive to the changes induced by the progression of the disease, or by a change in treatment dose or drug entity\[[@ref10]\]. However, generic scales are also highly used to explore health related quality of life in Parkinson\'s disease, notably the Sickness Impact Profile (SIP)\[[@ref12]\], the 36-item Short-Form Health Survey (SF-36)\[[@ref13]\], and the Nottingham Health Profile (NHP)\[[@ref14]\].

There are abundant literatures on the changes in health-related quality of life after subthalamic nucleus deep brain stimulation. The most relevant data indicate that after neurosurgery, general health-related quality of life is clearly improved in advanced Parkinson\'s disease, with motor complications related to side effects of the treatments\[[@ref15][@ref16][@ref17][@ref18][@ref19]\]. Generally, improvements in health-related quality of life measured by PDQ-39 are discernible at 6 months\[[@ref3][@ref15][@ref20]\] and 12 months\[[@ref16][@ref18]\] respectively after deep brain stimulation. At these follow-up times, evaluation of health-related quality of life can be considered equivalent to health-related quality of life measured in the least affected patients. According to Drapier *et al*\[[@ref21]\], postoperative health-related quality of life is equivalent to health-related quality of life measured in Parkinson\'s disease patients with a clinical history of less than 5 years, with mild symptoms and effective treatments.

###### 

Health-related quality of life and coping strategies after bilateral subthalamic deep brain stimulation (DBS) in Parkinson\'s disease (PD) patients

![](NRR-8-2856-g001)

Improvements in health-related quality of life appear to be the result of a combination of factors, including enhanced motor function, and consequently decreased dependence, reduced antiparkinsonian treatments, and improved neuropsychiatric status\[[@ref19]\].

Although it is well accepted that neurosurgery in Parkinson\'s disease improves health-related quality of life, not all aspects of health-related quality of life appear to be significantly enhanced. In particular, the overall improvements in health-related quality of life observed postoperatively can be mostly explained by improved "physical" dimension of health-related quality of life\[[@ref21][@ref22]\]. However, "mental" health-related quality of life, on the other hand, is not appreciably improved postoperatively. One proposed explanation is that after many years of evolution of the disease, often inducing social isolation, patients frequently have social problems, in terms of difficulties in initiating social contacts or reintegrating social networks.

In terms of the PDQ-39, there is a variation throughout the improved health-related quality of life dimension after neurosurgery, especially with regard to the physical and mental aspects of the disease.

Thus, while "emotional well-being" can be improved postoperatively, "communication" remain impaired, probably through a reduction in verbal fluency induced by subthalamic nucleus deep brain stimulation\[[@ref16][@ref23]\]. However, previous studies have found this factor to be stable over time. Motor complications are the main determinant of improved postoperative health-related quality of life in some patients\[[@ref18]\], while in others, postoperative side effects of neurosurgery are related to impairment of health-related quality of life\[[@ref3]\]. Moreover, the psychosocial profile of suitable candidates for subthalamic nucleus deep brain stimulation appears to remain relatively stable after neurosurgery\[[@ref16][@ref24]\]. Nonetheless, an improvement in depression may be observed in the first year after subthalamic nucleus deep brain stimulation\[[@ref1]\], which contributes to an improvement in health-related quality of life\[[@ref19]\]. Moreover, since current depression can modulate health-related quality of life\[[@ref5][@ref19][@ref23][@ref25]\], it is necessary to offer specific pre- and postoperative care to these patients. This is mostly important for Parkinson\'s disease patients in whom the impact of the motor features of the disease and the neuropsychiatric disturbances affect both health-related quality of life and well-being.

The postoperative persistence of mood disorders and apathy, as well as the side effects of the neurosurgery (*e.g*. hypomania, disinhibition, dysarthria or decreased verbal fluency, weight gain, and eye apraxia) may contribute to the impairment of postoperative health-related quality of life, mostly in the familial and socio-profes-sional dimensions\[[@ref26]\].

When comparing stimulated and non-stimulated Parkinson\'s disease patients, Montel and Bungener\[[@ref23]\] found no difference in perceived health-related quality of life. The authors underlined the impact of the subjective nature of such health-related quality of life self-evaluation together with a permanent dissatisfaction with perceived personal situation. In the case of motor improvement, this dissatisfaction needs to be tempered with the subjective character of health-related quality of life scales in regard to their use and interpretation, since self-evaluation is affected by possible memory distortions and/or postoperative changes in mood, behaviour or personality\[[@ref17]\]. As for postoperative non-improvement of health-related quality of life, Gronchi-Perrin *et al*\[[@ref17]\] highlighted the impact of unrealistic expectations regarding neurosurgery conflicting with the final result of the surgery, inducing disappointment. Obviously, neurosurgery in Parkinson\'s disease leads to marked changes in a patient\'s life, in particular a gain in autonomy through a dramatic improvement of motor functions. It is also understandable that these patients, disabled for many years, hope for a return to their premorbid state, and therefore may need time to adapt to their new postoperative state and lifestyles. For clinicians, these results are clearly in keeping with their experience with Parkinson\'s disease patients undergoing subthalamic nucleus deep brain stimulation, and thus there is a need to develop more qualitatively-based studies to gain a better assessment of the expectations or representations regarding neurosurgery.

COPING STRATEGIES AND SUBTHALAMIC NUCLEUS DEEP BRAIN STIMULATION {#sec1-3}
================================================================

As in other chronic diseases, patients display coping strategies to maintain their psychological balance. Coping strategies are defined as "the overall cognitive and behavioural efforts to master, reduce or tolerate inside or outside demands which threaten or surpass personal resources"\[[@ref27]\]. Usually in Parkinson\'s disease, the most widely used scale to investigate coping strategies is the Way of Coping Checklist (WCC)\[[@ref28]\], a generic scale. To date, no specific scale has been developed for neurological diseases in general and for Parkinson\'s disease in particular. However, the Coping with Health Injuries and Problems (CHIP)\[[@ref29]\], developed in the context of chronic diseases, has been adapted and validated for neurological diseases within a population of Parkinson\'s disease and multiple sclerosis\[[@ref30]\]. A recent study\[[@ref31]\] found that coping strategies in stimulated patients were stable over time but also comparable with those used in the general population, raising the question as to whether there is a relationship between coping strategies and executive dysfunction. The hypothesis of an impact of a probable executive dysfunction on the deployment of maladaptative coping strategies was thus proposed\[[@ref31]\]. Indeed, in a prior study, Montel and Bungener\[[@ref32]\] noticed that in non stimulated Parkinson\'s disease, patients with executive impairment appeared to use more flexible coping strategies than patients without executive dysfunction. However, these same authors\[[@ref23][@ref33]\] observed that stimulated and non-stimulated patients do not manifest the same coping strategies.

One of the proposed explanations is that their situations are very different not only in terms of motor disability, but also in terms of hope for a better condition in the future. Non-stimulated patients seem to focus on instrumental strategies, *i.e*., they are constantly seeking information on how to improve their state (such as new medication, alternative therapies and surgical therapies). By contrast, stimulated patients, having benefited from the most advanced neurosurgical treatment, do not focus on such instrumental strategies\[[@ref23][@ref33]\] and do not appear to use specific coping strategies. Hence, these patients need time to adapt to this new state but also to their coping strategies in a manner contingent on this new state. For instance, stimulated patients using a coping strategy based on seeking social support tended to improve their mental health-related quality of life, whereas other active strategies (problem solving, planning, emotional control) failed to have any positive effect on health-related quality of life. These results are surprisingly given that the impact of seeking social support is highly dependent on the characteristics of social networks.

To date, to the best of our knowledge, there are only a few available articles\[[@ref23][@ref31][@ref33]\] on this topic, therefore there is a need to gain further insight into coping strategies in the neurosurgical context of Parkinson\'s disease and the relationship between coping, health-related quality of life and psychosocial dimensions.

SOCIAL ADAPTATION AND SUBTHALAMIC NUCLEUS DEEP BRAIN STIMULATION {#sec1-4}
================================================================

Parkinson\'s disease has a negative impact on social adaptation\[[@ref34][@ref35]\]. Social adaptation\[[@ref36]\] can be defined as "the interplay between the individual and the environment", *i.e*. the individual\'s behaviour in terms of socially-accepted roles. "Social adjustment is a reflection of the patient\'s interactions with others, satisfactions and performances in roles, which are more likely modified by previous personality, cultural and family expectations". Weissman\[[@ref36]\] added that the individual\'s assumed roles are dependent on age and potentially on psychopathology. The notion of social adjustment contrasts with quality of life, which refers more generally to the consequences of Parkinson\'s disease on activities of daily living.

The most often used scale to evaluate social adaptation, in the context of Parkinson\'s disease, is the Social Adjustment Scale (SAS)\[[@ref36]\] or its self rating version, the Social Adjustment Scale-Self Report (SAS-SR)\[[@ref37]\]. Social adjustment can be evaluated through a "global adjustment" score or through dimension scores (work, social life and leisure, family life, interaction with children, marital relations and material situation). Subthalamic nucleus deep brain stimulation markedly improves Parkinson\'s disease symptoms, which are linked to the psychosocial consequences of the disease described earlier. What therefore is the impact of subthalamic nucleus deep brain stimulation on social adaptation? Houeto *et al*\[[@ref6]\] retrospectively investigated social adaptation after subthalamic nucleus deep brain stimulation for Parkinson\'s disease. They observed that social maladaptation persisted after subthalamic nucleus deep brain stimulation in some patients. In their sample, social adjustment was good in 9 patients, moderate in 14 and severely impaired in 1 patient. These scholars\[[@ref6]\] also highlighted that postoperative maladjustment was more manifest in late-onset Parkinson\'s disease patients. The persistence of motor complications related to dopamine treatments may explain the postoperative overall social maladjustment associated with impaired adaptation in social life and leisure.

Other scholars\[[@ref4][@ref5][@ref7][@ref38]\] pointed to a postoperative social maladjustment, evaluated by the SAS or by semi-structured interviews. Reported global SAS scores were found to be relatively stable preoperatively and 2 years postoperatively\[[@ref38]\]. Neither global scores nor subscores improved postoperatively\[[@ref4]\], although social adjustment varied individually, *i.e*., some were found improved or stable while others impaired.

Only a small percentage of Parkinson\'s disease patients experienced social maladjustment\[[@ref4][@ref7]\]. Agid *et al*\[[@ref4]\] reported that the two most severely impaired dimensions were occupational aspects and marital relationship. More than a half of their Parkinson\'s disease patients who were working before surgery wanted to stop working postoperatively (64%) while 65% of married couples experienced marital difficulties postoperatively. Whereas working and marital relationship seemed to be progressively impaired, dimensions such as social life, relations with children, family life and financial aspects, on the other hand, improved postoperatively\[[@ref38]\]. According to Schüpbach *et al*\[[@ref38]\], predicting the postoperative evolution of social adaptation in each patient is practically impossible although the preoperative global SAS score does appear to be correlated with the postoperative evolution of each individual. Prediction of postoperative social adjustment, from the standpoint of practical experience of clinicians, is difficult, depending on expectations or representations for neurosurgery, but also on the postoperative evolution of the motor state and potential side effects of neurosurgery. However, without specific consideration and intervention on cognitive representations for the result of subthalamic nucleus deep brain stimulation, patients presenting advanced preoperative social maladjustment show less progress in the global SAS score than those presenting mild preoperative social maladjustment. However, they do show better competence in reintegrating socio-familial and possibly professional activities, specifically when they are free of neurological complications.

Since the possibility of postoperative social maladjustment has been highlighted in the context of spectacular motor improvement, medical teams involved in subthalamic nucleus deep brain stimulation are trying to find explanations for this effect.

Jabre, Schüpbach and their colleagues\[[@ref39][@ref40]\] agree that it is currently difficult to state any specific reason for this social maladjustment. Because cases of social maladjustment can be observed without specific psychiatric or intellectual causes, surgical, motor, intellectual or psychiatric hypotheses can be ruled out\[[@ref38][@ref39]\]. Other factors have been discussed, such as the consequence of socio-familial and occupational reintegration problems\[[@ref4]\].

Houeto *et al*\[[@ref6]\] highlighted three factors as potentially contributory to social maladjustment. Firstly, marital conflicts may be linked to a modification of the roles in the couple, and a long dependency will induce difficulties in reintegrating a new social and familial environment. Secondly, the presence of anxiety, and thirdly older age at surgery could be pejorative factors.
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Schüpbach *et al*\[[@ref38]\] also concluded the impact of neurosurgery on body image. These aspects were conceptualized\[[@ref4][@ref40]\] with (1) a "SELF" level based on the personal experience of Parkinson\'s disease and neurosurgery, (2) the "OTHER" level concerning the disruption of the marital situation during Parkinson\'s disease, and (3) the "OTHERS" level concerning socio-occupational life.

This social maladjustment after subthalamic nucleus deep brain stimulation could be perceived as "the burden of normality", and thus it is very important to prepare Parkinson\'s disease patients and their families for the changes induced by neurosurgery\[[@ref40]\]. Several authors suggest that careful preoperative selection for deep brain stimulation in Parkinson\'s disease needs to be amplified and that follow-up should integrate investigation of the patient\'s social status, particularly in the socio-familial and socio-occupational sphere\[[@ref4][@ref6]\]. Particular attention should be focused on young patients, for whom socio-occupational and familial reinsertion are of great importance\[[@ref34][@ref35]\]. However, it remains of primary importance to actively search for social maladjustment, using specific tools such as adjustment scales or in-depth interviews, allowing for the fact that maladjustment depends on the structure and values of the society\[[@ref8]\]. Finally, it is clear that psychosocial maladjustment after subthalamic nucleus deep brain stimulation in Parkinson\'s disease may be more common than at first glance. Medical teams need to place greater and more systematic focus on this issue and develop interventions in an attempt to improve this adjustment.

DISCUSSION {#sec1-5}
==========

Subthalamic nucleus deep brain stimulation has become a remarkable treatment for advanced forms of Parkinson\'s disease\[[@ref1][@ref2][@ref3]\]. Indeed, subthalamic nucleus deep brain stimulation provides a dramatic improvement of motor features of Parkinson\'s disease in strictly selected patients. However, some aspects of the psychosocial profile of these patients still remain unclear, mostly with regard to social adjustment, coping strategies and mental health-related quality of life. It is thus exceedingly important to develop studies relative to these issues, as they represent a genuine and severe challenge in public health.

In a first instance, over the past ten years, many authors have reported that while global health-related quality of life is deemed to improve, this is not the case for every dimension of health-related quality of life in Parkinson\'s disease, since the mental aspects of health-related quality of life are considered not to improve postoperatively\[[@ref21]\]. This tendency has been reported in all articles regarding health-related quality of life, whether measured by generic or specific instruments\[[@ref9][@ref10][@ref11][@ref12][@ref13][@ref14]\]. Furthermore, the improvement in physical health-related quality of life and the non improvement in mental health-related quality of life are both considered to be stable\[[@ref15][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22]\].

Some studies combine the assessment of health-related quality of life with that of coping strategies. However, while some have stated that stimulated patients do act differently from non-stimulated Parkinson\'s disease patients\[[@ref23][@ref33]\] in terms of coping strategies, the link between health-related quality of life and coping strategies in the context of neurosurgery is not clear. One particular difficulty is that very few studies (*n* = 3) have tackled this fundamental issue\[[@ref23][@ref31][@ref33]\], hence raising a secondary problem regarding the type of scale used to measure coping strategies. Indeed, while there are a number of existing scales\[[@ref28][@ref29]\], each does not investigate the same dimensions, therefore underlining a problem of reliability for these few studies, and more importantly raising the question as to what is measured exactly and how to go about such measurement. Moreover, the most widely used measurement scales have been generic in nature, whereas the specificity of neurological diseases such as Parkinson\'s disease requires a more specific approach. As initially attempted by Montel & Bungener\[[@ref30]\] by validating the CHIP scale for the assessment of coping in a neurological context, it may prove interesting to elaborate a Parkinson\'s disease-specific coping scale which is not only better adapted to the characteristics of this neurological pathology but also to the specificity of subthalamic nucleus deep brain stimulation. Thus, it is currently difficult and certainly premature to generalize the few data concerning coping strategies and neurosurgery, and more importantly to postulate any link between coping and health-related quality of life in the context of subthalamic nucleus deep brain stimulation. Further studies on this topic are clearly necessary and should prove valuable in clarifying current knowledge.

Another important consideration is that some authors have identified social maladjustment in a few neurostimulated patients\[[@ref4][@ref5][@ref6][@ref7][@ref38][@ref40]\]. However, the majority of these studies regarding social maladjustment in Parkinson\'s disease following subthalamic nucleus deep brain stimulation have been published by the same French group. Indeed, this team appears to have used the same patient cohort and data to publish their findings. For example, Agid *et al*\[[@ref4]\] and Schüpbach *et al*\[[@ref38]\] reported the same data for disease duration, mean age, time of evaluation and scales.

This raises an important question, proposed by Jabre and Bejjani\[[@ref39]\], as to the impact of socio-cultural dimensions, in that social maladaptation observed in some French patients has yet to be confirmed by other studies. In other words, is social maladjustment in stimulated Parkinson\'s disease patients a French-specific problem? It would appear that postoperative social maladjustment may be influenced by the particular organization of the French society, its values and its health system. However, one could question as to what would happen if French caregivers did not ask about social maladjustment after neurosurgery. For instance, there may be a link between social maladjustment and some cases of suicide\[[@ref41][@ref42][@ref43][@ref44]\] observed after subthalamic nucleus deep brain stimulation. Even though the societal structure surrounding these patients obliges them to reintegrate their preoperative environment, all the more reason for medical teams to search for social maladjustment in order to help these subjects.

The aforementioned also underscores an important point as to how must we evaluate social adjustment in Parkinson\'s disease. Schüpbach & Agid\[[@ref40]\] recommended in-depth interviews with patients and caregivers. These authors mostly used the SAS in their studies\[[@ref36]\]. This particular scale, which is one of the oldest adaptation scales known, was developed in the context of psychiatric diseases in order to evaluate social adjustment, including instrumental and affective role assessments. The use of this type of scale provides the caregiver the possibility of making a clear semi-structured interview with Parkinson\'s disease patients. However, since we know that Parkinson\'s disease is a specific neurological disease, would it not be of greater interest to develop a more specific instrument for the evaluation of social adjustment before and after subthalamic nucleus deep brain stimulation? Based on previous data\[[@ref4][@ref5][@ref6][@ref7][@ref38][@ref40]\], such a tailored scale would enable to approach the issue of social maladjustment more precisely in the specific context of neurosurgery.

Moreover, in the realm of neurodegenerative diseases such as Parkinson\'s disease, it is still difficult to determine whether the postoperative non-motor deficits, *i.e*. non-improvement of health-related quality of life or social maladjustment, are due to the evolution of Parkinson\'s disease itself or to the neurostimulation procedure. As clearly highlighted in this review, we can confirm that many aspects including social maladjustment, the non improvement of health-related quality of life, the apparent variability in adaptive coping strategies and the processes underlying such strategies are still unclear in the specific context of subthalamic nucleus deep brain stimulation, hence there is a need for better assessment tools. Further prospective and controlled studies are necessary, together with more significant sampling and control groups in order to specify these dimensions and secondarily to clarify their link with coping strategies. Hence, the development of specific instruments measuring coping strategies, targeted care for maladapted patients and the experimentation of therapies to improve or maintain social adjustment are of great importance.

Finally, with regard to postoperative social maladjustment observed in a few patients, most authors propose to carefully consider the preoperative expectations of Parkinson\'s disease patients and to search for effective strategies in order to reduce postoperative disappointments from the patients and their relatives. As stated by Castelli *et al*\[[@ref24]\], "it is important to temper the patient\'s expectations towards the benefit of the intervention; many patients \[...\] frequently developed unrealistic expectations of becoming completely healthy."

To the best of our knowledge, one French team is currently working on such a topic\[[@ref42]\]. In the framework of preparing potential Parkinson\'s disease candidates who undergo subthalamic nucleus deep brain stimulation, this team\'s approach proposes a preoperative preparation consisting of one semi-structured interview investigating perceived life before Parkinson\'s disease, with Parkinson\'s disease and hopes for the postoperative period. Thereafter, a cognitive restructuration is proposed for "unrealistic expectations" thought to induce postoperative disappointment and thereby contributing to social maladjustment. We are presently waiting for the result of this study in the hope that it will help us gain a better understanding of the mechanism of social maladjustment, the non-improvement of health-related quality of life and their respective links with coping strategies.
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